During recent years numerous investigations have been concerned with the rates of transfer or exchange of various substances across capillary beds (1-6). These studies, by analyzing curves of disappearance over several minutes from arterial plasma of intravenously injected tracer substances, have provided some information relative to all capillary beds combined. However, this type of experiment has not permitted a close analysis of the behavior of a substance during its first passage through a single organ capillary bed.
During recent years numerous investigations have been concerned with the rates of transfer or exchange of various substances across capillary beds (1) (2) (3) (4) (5) (6) . These studies, by analyzing curves of disappearance over several minutes from arterial plasma of intravenously injected tracer substances, have provided some information relative to all capillary beds combined. However, this type of experiment has not permitted a close analysis of the behavior of a substance during its first passage through a single organ capillary bed.
Recently developed techniques (7-9) now permit the clinical investigator to examine the phenomena of transcapillary exchange of water and other diffusible substances in local vascular areas. This study was undertaken in an attempt to determine in vivo the diffusion characteristics of the pulmonary capillary bed in man with regard to deuterium oxide and an electrolyte, thiocyanate ion.
Seven normal subjects and seven patients with pulmonary congestion due to heart failure were studied. The resulting data relating to the pulmonary capillaries were then compared to those previously obtained using similar tracer substances in the capillaries of the human forearm (7). 1 Presented in part at the annual meeting of the American Federation for Clinical Research, Atlantic City, New Jersey, May 2, 1954. 2 Supported in part by the Squibb Institute for Medical Research, New Brunswick, New Jersey and the Irwin Neisler Co., Decatur, Illinois. 3 Sponsored in part by the Veterans Administration. Published with approval of the Chief Medical Director. The statements and conclusions published by the authors are the result of their own study and do not necessarily reflect the opinion or policy of the Veterans Administration. 4 Biophysicist, Natioral Heart Institute, National Institutes of Health, Bethesda, Mary-land.
METHODS
A mixture of a non-diffusible substance (T-1824 or Evans blue dye) and substances whose diffusion is to be studied (deuterium oxide and thiocyanate ion) is injected into an afferent vessel of the organ under study. By sampling continuously from an efferent vessel for the period of the first circulation, the transcapillary exchange pattern can be determined.
The method is based on the principle that the relative concentrations of a mixture of diffusible and non-diffusible substances will be changed after passage through a capillary bed. The concentration of the non-diffusible substances in the effluent blood provides an index of the concentration of diffusible substance to be expected if none of the latter had been lost through the capillary walls. The difference between this expected concentration of the diffusible substance and that experimentally determined is a measure of the transcapillary loss (7).
A mixture usually consisting of 10 cc. of deuterium oxide, 10 cc. of 5 per cent sodium thiocyanate and 7 cc. of 0.5 per cent T-1824 dye was mixed well under sterile precautions. Approximately 20 cc. of this mixture was then injected rapidly from a calibrated syringe through an eighteen gauge needle usually into a basilic vein, although in four cases the injection was made through a cardiac catheter into the main pulmonary artery. Samples of blood were collected from the femoral artery through a fifteen gauge needle connected to a short piece of plastic tubing. Continuous sampling was carried out from the beginning to sixty seconds after injection. The blood was collected in paraffined test tubes containing one drop of dried heparin solution. The injection was accompanied by a verbal signal to a second assistant who began to call off second intervals from a stopwatch. The end of the plastic tubing was then moved from tube to tube at 2-second intervals until the timed collection period was completed. Immediately following the collection of samples the tubes were corked and the blood mixed with the heparin by gentle inversion. The samples were centrifuged and the supernatant plasma removed and analyzed for T-1824, SCN, and D2O concentrations. A sample of the original or injected mixture was analyzed similarly. (12) . The pulmonary water flow was calculated from the plasma flowby correcting for the hematocrit and the known water content of human plasma and red cells (7) . The concentrations of D20 and SCN to be expected, had there been no transcapillary diffusion, were calculated from the formula reported elsewhere (7) . The formula for SCN was modified for incomplete penetration of red cells as determined by a separate in zitro determination. The penetration was found to be 70 rather than 100 per cent, and henice the hematocrit was multiplied by 0.7 in calculating the expected concentrations of tiliccyanate.
The difference between these expected concentrations anid the measured concentrations was expressed as per cent of expected concentration and plotted against time for each patient. The extravascular D20 space was calculated according to a method to be discussed later.
RESULTS

Dlcutcriu 11 oxide-nort ial subjlects
In the normal stubjects (Table I) In general, cholesterol was higher in the patients with infectious hepatitis than it was in those with toxic hepatitis. There were, however, distinct exceptions to this rule. In 2 of the cases with infectious hepatitis, values below 100 mgm. per cent were observed. One of these accompanied an acute postpartum nephritis. True hypercholesterolemia, values greater than 300 mgm. per cent, was encountered only twice, in conjunction with acholic stools. It might have been noted more frequently if patients had been seen earlier in their illnesses. Illustrative cases are shown in Figure 5 . In 3 cases with somewhat similar courses, studied only after icterus had begun to improve, cholesterols lay within normal limits. At least 1 of these had acholic stools earlier. 1 died; her icterus was a terminal feature accompanying pneumonia. Of the 7 with hypocholesterolemia (cholesterol less than 150 mgm. per cent), on the other hand, only 1 survived. It was noted that this patient had icterus when he was admitted to the hospital immediately after he had been scalded. How long the jaundice had persisted is as uncertain as its origin. As it subsided the serum cholesterol rose from 66 to 173 mgm. per cent. This is the only uncomplicated infectious case in which a cholesterol lower than 100 mgm. per cent was observed. On the other hand, concentrations below 100 mgm. were encountered in 4 patients in the terminal stages of hepatitis caused by drugs and chemicals. In these, jaundice was a late phenomenon overshadowed by symptoms of hepatic insufficiency. A diagnosis of arsphenamine hepatitis and encephalitis was made on a negress who, after antisyphilitic treatment, was admitted Another with an acute history had a cholesterol of 207 mgm. per cent 2 weeks before death. The 2 cases with cholesterol below 150 mgm. per cent died after prolonged courses, in cachetic states, 1 with extreme recurrent ascites. The condition of the atypical cases can be judged from the sketches of their records given in the protocols. It may be inferred that recurrent or partial biliary obstruction gives rise to hypercholesterolemia which diminishes as hepatic destruction progresses, ultimately giving way to terminal hypocholesterolemia, either as a result -of the extreme malnutrition or the loss of liver parenchyma.
In this connection, although serum proteins may seem irrelevant to a discussion of lipids, they may throw some light on the effect of malnutrition. It must be recognized, however, that they are criteria of nutrition in a special sense only. Much emphasis has been placed upon hyperglobulinemia in cirrhosis. In the present series (see Figure   2A ), serum globulin was below 3 per cent 7 times in typical portal cirrhosis, 4 per cent or above 14 times, and 3 to 4 per cent 9 times. Corresponding figures for atypical cirrhosis were 10 below 3 per cent, 6 above 4 per cent, and 9 between 3 and 4 per cent. In addition, globulin exceeded 4 per cent 5 times in biliary cirrhosis, 3 times in active acute hepatitis, 3 times after recovery, and once in biliary obstruction. Hyperglobulinemia is not, therefore, a reliable diagnostic sign of portal cirrhosis. Serum albumin is reduced (less than 4 per cent) in most patients with liver disease (see Figure 2B ). Although the lowest figures coincide with low cholesterol, there is no direct correlation between the 2 variables, nor is albumin consistently depressed in any particular disease. It is probably determined rather by the nutritive state of the patient.
Although attention in the past has been confined chiefly to cholesterol, phospholipid (12) is quite as much disturbed in diseases of the liver. In general, the 2 follow one another, rising and falling together. Figure 1 suggests that diseases are, perhaps, a little more sharply differentiated into categories by means of phospholipids than by cholesterol. The parallelism between phospholipids and cholesterol is well illustrated in Figures 4  and 5 .
About the concentration of neutral fat in the serum, both in diseases and in experimental disorders of the liver, little can be found in the literature (12) . Statements about this lipid component are based chiefly upon determinations of total lipids or total fatty acids. The latter are peculiarly unreliable measures of neutral fat in conditions in which, as in liver disease, the concentrations of phospholipids and cholesterol esters are greatly altered. From Figure 1 , it appears that concentrations of neutral fat are not high in the serum of most patients with liver disease. In only 2 instances did neutral fat rise to the maximum encountered in normal subjects (4) . Neutral fat is, however, high in biliary obstruction and in infectious hepatitis, as compared with cirrhosis and toxic hepatitis in which it is usually comparatively low. From Figures 4 and 5 , it will be seen that in both biliary obstruction and in some cases of infectious hepatitis neutral fat rises, to fall again as the obstruction is relieved or the icterus sub- less than 20 per cent in the patients with pulmonary congestion. Since the loss of thiocyanate is small throughout the circulation period it would seem to suggest an inherent difference in the permeability of the lung capillary walls to this ion as compared to the forearm. Should the small loss be due only to a very small interstitial space, it would be expected that the losses would be higher during the first part of the circulation rather than constantly small throughout. The slightly higher loss in the congested lung as compared with the normal lung can probably be explained on the basis of slight increase in permeability and/or slightly greater area available for diffusion. The relative impermeability of the lung capillaries to the electrolytes, Na and I-has been suggested by the work of other investigators (9), and seems, therefore, to be a characteristic of the pulmonary capillary bed.
The relation between the extravascular D2O space and the pulmonary blood flow in the normal patients (Figure 3) suggests that the extravascular water space may be dependent upon the functioning capillary bed and may perhaps serve as an index of its size. Studies are now in progress in normal subjects to determine whether the extravascular D2O space will change in the presence of induced variations in pulmonary blood flow.
SUMMARY
By employing a technique of injection into a basilic vein or pulmonary artery of a mixture of non-diffusible and diffusible substances and sampling during the period of first circulation from the femoral artery the following observations were made in man with regard to passage of deuterium oxide and thiocyanate ion through the pulmonary capillaries in seven normal subjects and seven patients with pulmonary congestion due to heart failure:
1. Deuterium oxide freely and rapidly passed through the pulmonary capillary walls.
2. When the transcapillary loss of D20 was plotted against time, the curve obtained differed markedly from that found previously in the forearm (7) and indicated a small pulmonary extravascular tissue space.
3. Quantitative estimation of the extravascular water space of the lung indicated a mean value of 190 cc. in the normal subjects and of 290 cc. in the patients with congestive heart failure. In normal, but not in cardiac patients, the size of the pulmonary extravascular D20 space appeared to be related to the pulmonary blood flow.
4. Thiocyanate ion in contrast to the previously observed large transfer through forearm capillaries left the pulmonary capillaries in only small amounts in the normal patients and in only slightly greater amounts in the patients with congestive failure. An analysis of these findings suggests a relative impermeability of the lung capillaries as compared to the forearm capillaries with respect to this ion.
